ABSTRACT: -This paper deals with an experimental and analytical study to investigate the structural behavior of simply supported composite steel-concrete tube beams with external load, in which a concrete is connected together with steel circular tube by means of headed stud shear connectors. This type of structure not only inherits the characteristics of traditional concrete tube beams but also possesses its own unique attributes, such as advantageous mechanical performances, facilitating construction process, and low maintenance cost etc. Seven composite steel-concrete tube beams were tested to their ultimate strength. The effect of thickness and diameter of steel tube on structural performance of composite beams were investigated. Experimental results proved that, due to increase tube thickness from (2mm to 6mm), the strength increased by (63.5%) and the ultimate deflection 
164 construction refers to any members composed of more than one material. The parts of these composite members are rigidly connected such that no relative movement can occur.
Composite steel-concrete beams have been widely used in civil engineering, because of their economic benefits and good structural behavior. Numerous research papers were published which related to composite steel and concrete beams, such as Lili Wu (1) presented a new type of steel-concrete composite beam where the beam is featured with a channel shaped section, the U-section steel beam is prefabricated with steel plates and the interior side of the channel is cast with concrete. Preliminary research was conducted on its bending capacity, stiffness, stress distribution, crack diagram etc. Experimental results revealed that the steel plates and the concrete slab integrated through shear stud connectors can work well together and the channel beam model presented a bending failure mode.
Huiyong Ban (2) published a research of HS steel-concrete composite beams, forty beams with various steel grades and degrees of shear connection are modeled. New design approaches are proposed in order to estimate the bending behavior of simply supported composite beams with HS steel, providing more reliable and economical design solutions for such members.
Tan (3) provides results from several tests to support the view that in the presence of flexure in curved composite beams, there will be an increase in the torsional moment capacity, but the flexural moment capacity does not greatly increase in the presence of torsion. Ranzi (4) investigated the structural behavior of simply supported composite beams with large rectangular web openings; two-dimensional finite element models employing plane stress elements are established. Other research papers were published which related to composite steel and concrete box girders, such as references (5 to 7) etc. Many significant research results have been achieved in understanding the structural behavior of composite steel-concrete beams. In this paper, a new formulation for studying simple composite beams with circular tube is proposed.
EXPERIMENTAL PROGRAM

DETAILS OF TEST SPECIMENS
Seven composite steel-concrete tube beams were designed and constructed in this study, four of them with different thickness of steel tube (2mm, 3mm, 4mm, and 6mm ) with the same diameter (100mm) were loaded under positive bending moments, designated (CB1 ,CB2, CB3 and CB4) respectively. And the other three beams with constant thickness of (4mm) and different diameter of steel tube (75mm, 100mm, and 200mm) designated (CB5, CB6, and CB7) respectively. 
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The typical entire shape of any of those seven test specimens is shown in Figure (1) . The typical specimen's length of all beams is (2000mm) and consisted of a reinforced concrete slab at the top and a circular steel tube at the bottom connected together by means of headed stud shear connectors welded to the steel tube. The concrete slab had a depth of (100mm) and a width of (400mm) and reinforced with one layer of rebar in two directions (Ø5mm @50mm in each direction) as well as the reinforcing bars provided at support as shown in Figure ( 2).
In each specimen two supported are provided in the end of the test specimen with (300mm) width and (250mm) length in order to easily put the specimen in the flexural test instrument.
24 shear studs with (8.8mm) diameter and a height of (60mm) were welded on the top of steel tube to ensure anchorage in the concrete except CB3 with (60) shear stud. The center to center distance of the supporting girders was (1800mm). The measured mean compressive strength of the concrete using cylinders (150mm ×300mm) is (44MPa) and the average tensile strength is (3.4MPa). The steel used for the circular -section beam has a mean tensile yield strength fy of (375MPa). The geometric properties of all the specimens are shown in Table (1) .
INSTRUMENTATION
The specimens were instrumented for the purpose of measuring deflections, concrete strain, applied load, and slips between the steel tube and the concrete slab. All beam specimens were tested by using the universal testing machine (MFL system) under monotonic loads to ultimate states. The test beams were simply supported over an effective span of (1800mm) and loaded with two-point loads. The distance between the two point loads was kept constant at (600mm). The applied loads were distributed across the entire width of the upper concrete face. Relative thick rubber strips were inserted between the concrete and line loads, as well as between support of machine and lower support face of specimen. The loads were applied in successive increments up to failure. At the end of each load increment, observations and measurements were recorded for the mid-span deflection, end slip, strain gage readings and crack development.
The vertical deflections have been measured at three points as central deflection and at third span using mechanical dial gauge of (0.01mm) accuracy with (50mm) total stroke, the dial gauges has been attached to the soffit of the tested beams, as shown in Figure ( extensometer with (0.001mm) accuracy, as shown in Figure (4) , was used to measure relative movement of the Demec points, from which the longitudinal strain is calculated for each load increment. The digital extensometer is capable of measuring displacement changes between two Demec strain discs fixed at (100mm) gauge length. All beams were tested at ages of (30-38) days. The beam specimens were placed on the testing machine and adjusted so that the centerline, supports, point loads and dial gauges were fixed in their correct or proper locations.
To measure crack widths, an optical micrometer with an accuracy of (0.02mm), as shown in Figure (5) was used for all beams specimens. The beam surfaces were painted with white color to make it easy to see the crack and measure its width.
MATERIALS
Each test specimen was made of different materials and components i.e. steel tube, concrete, shear connectors and reinforcing bars, which were assembled together to constitute a composite steel-concrete tube beam. These materials have possibly important effects on the structural response of the test specimens and must be individually evaluated.
STEEL
In the fabrication process of the test specimens, steel material was used in three situations, circular tubes, reinforcing bars of concrete slab and headed stud shear connectors.
STEEL CIRCULAR TUBES
In the four first specimens (CB1, CB2, CB3 and CB4) of (2mm, 3mm, 4mm and 
REINFORCING STEEL BARS
One layer of (5mm) diameter deformed bars was used in the longitudinal as well as the transverse direction of the reinforced concrete slab, the reinforcing bars provided at support as shown in Figure ( 2).
SHEAR CONNECTORES
To resist the longitudinal shear at the interface between steel girder and concrete slab, and to prevent the vertical separation between them, headed stud shear connectors of diameter (8.8mm) and overall length (63mm) with a head of diameter (16mm) and height 
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(6mm) were used in each test specimen. The bolt consisted of hexagonal head. These studs were welded on the steel circular tube as shown in Figure (7).
CONCRETE
The materials used in producing concrete are locally available materials, which include cement, crushed course gravel, natural silica sand and water. Ordinary Portland cement (karasta cement) as used throughout the investigation. The whole required quantity was brought to the laboratory and stored in a dry place. Natural silica sand was used as fine aggregate with maximum size of (4.75mm) while natural gravel was used as coarse aggregate with maximum size of (10mm). The natural gravel was washed and left in air, and then stored in a saturated dry surface condition before use. The ordinary potable water was used in making concrete and curing.
The same concrete mix was used through the whole investigation. The mix properties of the ingredients by weights were [1 cement: 1.6 sand: 1.9 gravel], and water cement (w/c) ratio was 50%, to give slump of about (120mm).
Mixing was manually carried out in the Structures tests Laboratory of the College of
Engineering at the University of Diyala. The surfaces of the pan and the mixing tools were cleaned and moistened before use. The dry ingredients were added in the following order, about one half of the coarse aggregate, all the fine aggregate, all the cement, and finally the remaining part of coarse aggregate. Then water was added and mixing was started. The period of mixing ranged from five to seven minutes. The specimen is vibrated by a rode vibrator with a compaction time (2minutes) for each layer. The cubes and prisms molds were filled with concrete in two equal layers, while the cylinder specimens were cast in equal three layers. After the top layer had been compacted, it was leveled by using a steel trowel.
3-EXPERIMENTAL RESULTS AND DISCUSSION
ULTIMATE LOAD (PU)
The load on specimens is applied monotonically in increments. These increments are reduced in magnitude as the load reaches the ultimate load. The maximum load recorded by the testing machine is considered as the ultimate load and is given in Table ( 2). Test results show that, due to increase the tube thickness from (2mm to 6mm) the strength increased by 40kN, 80kN, 80kN, and 140kN ) for (CB1, CB2, CB3, and CB4) respectively and (60kN, 85kN, and 170kN) for (CB5, CB6, and CB7) respectively. Test results show that the large deflection is at reference beam (CB5) which has (75mm) diameter steel tube. As shown in Table ( 2) the tested beam (CB6) which have (100mm) diameter steel tube, the decreases in deflection was (20%) from reference beam (CB5), and the tested beam (CB7) which have (200mm) diameter steel tube, the decreases in deflection was (46.7%) from the reference beam (CB5).
INTERFACE SLIP (SHEAR SLIP)
Using linear variable differential transducers (LVDTs), the interface slip between the concrete slab and the steel tube was measured and summarized in Table ( 3). These measurements were taken at the support ends of the composite steel-concrete tube beam, where the interface slip was the highest. Relative interface slip was recorded as well when the maximum applied load was reached. The value of interface slip at the first specimen was plotted against the applied load and shown in Figure (9 ). As expected, higher interface slip is required for the composite steel-concrete tube beam when larger thickness was used. For example, CB1 reached a relative interface slip of (2.0mm) compared with that of (2.65) mm for CB4. The ultimate slipping of ultimate load was increased from (2 to 2.65mm) with increasing thickness diameter of steel tube from (2 to 6mm) for (CB1 and CB4) respectively, but CB3 decrease slipping was (1.25mm) because the effect of length support and increasing the number of shear connecters. Results show that no sufficient data about the slip in CB2
because problem in support due to the shear that happened only in CB2. The development of interface slip and horizontal cracks due to shear slip is shown in Figure (10 ).
3-4 CONCRETE STRAIN
The strains in the concrete at the mid-span section of the test specimens were measured by using 100mm demec gauge over the top fiber of the beam. Figure (11 169 remained approximately linear at low loads and became nonlinear at higher loads due to cracking. Average strain for CB2, CB3 and CB4 decreased with increasing load comparing with CB1 shown that effect thickness of steel tube on strain. For all tests specimen were strain more than (0.002) at ultimate load except specimen CB2 was (0.0013). The demec disc for CB7 is separated during the test for this reason no data about the strain of CB7. The strain in CB5 and CB6 with (33.33%) different in steel tube diameter, at load (115kN) the increasing in steel tube lead to decreasing in strain about (77.3%).
3-5 CONCRETE CRACKS
During testing surface of concrete is carefully inspected for developing cracks, the cracks in CB1,CB2 , CB3 and CB4 appeared at the bottom surface of concrete slab in the region of maximum positive bending moment. In CB3 cracks appeared in support and longitudinal cracks in concrete slab, and the number of cracks were equal in CB1 and CB2
about (10) 
4-NUMERICAL SIMULATION OF EXPERIMENT
The FE analysis of the test beams under pure bending was carried out by using nonlinear FE software ANSYS 13. The primary aim of the numerical simulation was to validate the employed FE modeling by comparing with the experimental results.
FINITE ELEMENT MODELING
ANSYS 13 program was used to analyze the three dimensional model. The concrete was modeled by using the 8-noded isoperimetric brick elements (SOLID 65). The element is defined by eight nodes having three degrees of freedom at each node, translation in the x, y, and z directions. The element is capable of modifying cracks in tension and in three orthogonal directions, crushing in compression, and plastic deformation.
The steel bars were modeled using axial members (LINK8). This element can be used to model trusses, sagging cables, links, springs, etc. The 3-D spar element is a uniaxial tension compression element with three degrees of freedom at each node: translations of the nodes in x, y, and z-directions. As in a pin-jointed structure, no bending of the element is considered.
Plasticity, creep, swelling, stress stiffening, and large deflection capabilities are included. The steel tube beam was modeled using isoperimetric shell elements (SHELL43) with 4-nodes. 
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RESULTS AND DISCUSSION
LOAD DEFLECTION CURVES
To compare the load-deflection curve of F.E. Model together with experimental test 
ULTIMATE LOAD AT FAILURE REGION
In finite element analysis, "Ultimate load" which the beam can carry by finite element
Model is defined as the final load for cumulative substeps to the last applied sub step before solution starts diverging due to numerous crack and large deflection after steel yielding.
Comparison between this value (Pu) FEM and the ultimate load (collapse load) of experimental test beam (Pu) EXP. is given in Table ( 4) . In this table, good agreement can be noted between these values and it shows that, the percent discrepancy of finite element model. 171 software) of all tested beams. It is shown that the analytical compressive strains and corresponding experimental strains are very close throughout the loading up to the yielding then the analytical strain become slightly lower than the experimental strain up to ultimate load.
LOAD-STRAIN CURVES
LOAD-SLIP CURVES
Numerically, the relative movement (shear slip) between concrete and steel tube beam was measured from the difference between the nodal displacements, in x-direction (Ux), at concrete and steel tube beam. 
5-CONCLUSIONS
Based on the results obtained from this study, the followings can be concluded: 3-The ultimate slip at the ultimate load, for each specimen, is to increasing by increasing the thickness of steel tube, (2-6) mm increasing the steel tube thickness lead to (2-2.65) mm increasing in the ultimate slip at the ultimate load.
4-The strain, for each specimen, is to increase by increasing the thickness of steel tube. 
